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TITLE OF THE INVENTION 
INJECTION APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-212877, filed July 22, 2002, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an injection 
apparatus provided with a screw rotating mechanism used 
in an electric injection molding machine. 

2. Description of the Related Art 

An injection apparatus is provided with a motor 
for rotating a screw. As the screw is rotated, a 
material such as resin is kneaded and melted. The 
rotatory force of the motor is transmitted to the screw 
through a first pulley on the output shaft of the 
motor, a second pulley on the axis of the screw, a belt 
passed between and around the pulleys, etc., for 
example. In this case, some reduction ratio can be 
obtained by making the diameter of the second pulley 
larger than that of the first pulley. 

The reduction ratio of a power transmission 
mechanism that uses the conventional pulleys described 
above depends on the difference between the respective 
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diameters of the pulleys. Owing to spatial 
restrictions, therefore, the outside diameter of the 
second pulley on the screw side can be increased only 
limitedly. Thus, the reduction ratio that can be 
5 obtained by means of the pulleys is a few tenths at the 

most . 

In order to knead a high-viscosity material, the 
torque of the screw must be increased. Since the 
reduction ratio is limited, however, the motor must be 

10 replaced with one that enjoys higher output, in some 

cases. However, replacing the motor is troublesome and 
sometimes requires change of a motor mounting section 
or a control device, thus entailing higher cost. 

If the motor output is enhanced to increase the 

15 torque, tension that acts on the belt increases. In 

consequence, the belt easily wears and produces dust or 
requires more frequent replacement. If the tension on 
the belt increases, it must be controlled rather 
precisely. Besides, a heavier eccentric load acts on 

20 the screw. If the eccentric load grows, the screw 

cannot be rotated with ease and may possibly be broken. 

The reduction ratio may possibly be increased by 
maximizing the outside diameter of the second pulley on 
the screw side. If this is done, however, the width 

25 and height of the frame of the injection apparatus or 

structural members around the pulleys increase 
inevitably. Accordingly, the injection apparatus is 
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large-sized as a whole, and entails higher cost and 
increased weight. 

The necessary speed reducing performance of the 
general-purpose injection apparatus with the 
5 conventional construction depends on the power 

transmission elements that include the pulleys, belt, 
etc. In consideration of restrictions on the overall 
size of the apparatus or the positions of the power 
transmission elements relative to their peripheral 

10 parts, the transmission elements are maximized in size, 

in many cases. Accordingly, the reduction ratio cannot 
be changed with ease or can be changed only within a 
narrow range. 

If a user of the injection apparatus makes a 

15 request for higher speed reducing capability, 

therefore, the reducing capability can be increased 
only slightly. Thus, the conventional construction 
cannot readily comply with the user's request at a 
reasonable cost. 

2 0 BRIEF SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention 
is to provide an injection apparatus, in which rotating 
members, such as pulleys of a power transmission 
mechanism, can be reduced in size, and which can comply 

25 with a request for an extensive increase of the 

reduction ratio. 

An injection apparatus according to the invention 
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comprises a screw drive shaft which is connected to an 
end portion of a screw and rotates integrally with the 
screw, a motor which generates torque to rotate the 
screw drive shaft, a rotating member situated on an 
5 extension of an axis of the screw drive shaft, a power 

transmission mechanism which transmits the rotation of 
the motor to the rotating member, and a speed reducer 
which is located between the rotating member and the 
screw drive shaft, reduces the speed of rotation of the 

10 rotating member, and transmits the rotation of the 

rotating member to the screw drive shaft. 

The injection apparatus of the invention can 
combine the respective speed reducing functions of the 
speed reducer and the power transmission mechanism, 

15 which comprises the rotating member, e.g., a pulley, 

thereby obtaining a wider variety of reduction ratios. 
According to the invention, moreover, the diameter of 
the rotating member can be minimized. If the reduction 
ratio must be increased, therefore, its change can be 

20 easily coped with by replacing the rotating member with 

a larger one. 

Preferably, the speed reducer has an input shaft 
fitted with the rotating member and an output shaft 
connected to the screw drive shaft, the input and 

25 output shafts being situated on the extension of the 

axis of the screw drive shaft. Preferably, in this 
case, a planetary gear mechanism should be used as the 



speed reducer. Alternatively, a traction drive 
mechanism may be used as the speed reducer. The 
traction drive mechanism described herein is a 
mechanism in which torque is transferred between a 
plurality of sets of rotating elements in a manner such 
that the rotating elements touch one another in a 
traction area. A power transmission mechanism that 
uses the traction drive mechanism can obtain a 
reduction ratio that matches the radius of rotation of 
the traction area. 

Preferably, moreover, the power transmission 
mechanism has a first pulley on an output shaft of the 
motor, a second pulley for use as the rotating member 
on the input shaft of the speed reducer, and a belt 
passed around the first and second pulleys. 

The present invention may be applied to an 
injection apparatus for synthetic resin products and an 
injection apparatus for elastic products of rubber 
(natural rubber or synthetic rubber such as silicone 
rubber), elastomer, or the like. Alternatively, the 
invention is applicable to an injection apparatus for 
metallic products of aluminum die casting or the like. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and 
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obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
5 in and constitute a part of the specif ication, 

illustrate embodiments of the invention, and together 
with the general description given above and the 
detailed description of the preferred embodiments given 
below, serve to explain the principles of the 
10 invention. 

FIG. 1 is a sectional view of an injection 
apparatus according to an embodiment of the invention, 
taken along its axis; and 

FIG. 2 is a partial front view of the injection 
15 apparatus of FIG. 1 using a large-diameter second 

pulley as an alternative. 

DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of the present invention will now be 
described with reference to FIG. 1. 
20 An injection apparatus 10 for an electric 

injection molding machine shown in FIG. 1 comprises 
first and second structural members 12 and 13 arranged 
on a base 11 and a plurality of guide bars 14 (e.g., 
four in number) that connect the members 12 and 13. 
25 The guide bars 14 extend parallel to one another. The 

structural members 12 and 13, guide bars 14, etc. 
constitute a frame structure 15. 
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A heating barrel 20 is mounted on the first 
structural member 12. The barrel 20 contains a screw 
21 therein. A nozzle 22 is attached to the distal end 
portion of the barrel 20. A hopper 23 that supplies 
5 the material of injection-molded products is located 

near the proximal portion of the barrel 20. The barrel 
20 is provided with a heater 24 for heating the 
material . 

The injection apparatus 10 comprises a movable 

10 structural member 30, a screw extruding mechanism 31, a 

screw rotating mechanism 32, etc. The structural 
member 30 can reciprocate straight in the axial 
direction of the screw 21 along the guide bars 14. The 
extruding mechanism 31 serves to reciprocate the screw 

15 21 in the axial direction. The rotating mechanism 32 

serves to rotate the screw 21. 

A screw drive shaft 35 is located in the movable 
structural member 30. The shaft 35 is rotatably 
supported in the structural member 30 by means of a 

20 bearing 36. An end portion 21a of the screw 21 is 

coupled to the screw drive shaft 35. 

The end portion 21a of the screw 21 and the screw 
drive shaft 35 are prevented from rotating relatively 
to each other by means of a key member or the like, and 

25 are fixed to each other in the axial direction. Thus, 

the shaft 35 and the screw 21 can rotate and move 
integrally with each other in the circumferential and 
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10 



15 



20 



25 



the axial direction. 

The screw extruding mechanism 31 includes an 
injection motor 40, pulleys 41 and 42 and a belt 43 for 
use as power transmission elements, ball screws 44, 
etc. For example, a pair of ball screws 44 are 
arranged between the second structural member 13 and 
the movable structural member 30. The structural 
member 30 can be moved in the axial direction of the 
screw 21 along the guide bars 14 by rotating the ball 
screws 44 by means of the motor 40. 

The screw rotating mechanism 32 comprises a motor 
50, a speed reducer 52, and a power transmission 
mechanism 53. The motor 50 serves as a drive source 
that generates torque for rotating the screw drive 
shaft 35. The reducer 52 is formed of a planetary gear 
mechanism 51. The mechanism 53 is used to transmit the 
rotation of the motor 50 to the reducer 52. The motor 
50, speed reducer 52, and power transmission mechanism 
53 are mounted on the movable structural member 30. 
The motor 50, reducer 52, and mechanism 53, along 
with the structural member 30, can move along the guide 
bars 14. 

The power transmission mechanism 53 includes a 
first pulley 56 on an output shaft 55 of the motor 50, 
a second pulley 58 on an output shaft 57 of the speed 
reducer 52, and a belt 59 passed around the first and 
second pulleys 56 and 58. The second pulley 58 is 
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equivalent to a rotating member according to the 
present invention. It is situated on an extension X2 
of an axis XI of the screw drive shaft 35. 

The speed reducer 52 is located between the second 
5 pulley 58 and the screw drive shaft 35. The reducer 52 

serves to reduce the speed of rotation of the pulley 58 
and transmit the rotation to the shaft 35. 

The speed reducer 52, which is composed of the 
planetary gear mechanism 51, has an input shaft 57 that 

10 is fitted with the second pulley 58 and an output shaft 

60 that is connected to the screw drive shaft 35. Both 
the input and output shafts 57 and 60 are situated on 
the extension X2 of the axis XI of the shaft 35. 

An example of the planetary gear mechanism 51 is 

15 provided with a sun gear 71, planet gear 72, ring gear 

73, etc. that are arranged in a casing 70. It serves 
to reduce the speed of rotation of the input shaft 57, 
increase the torque of the rotation, and transmit the 
rotation to the output shaft 60. 

20 The following is a description of the operation of 

the injection apparatus 10 constructed in this manner. 

If the ball screws 44 are rotated by means of the 
motor 40 of the screw extruding mechanism 31, the 
movable structural member 30 moves along the axis XI of 

25 the screw drive shaft 35. Thereupon, the screw 21 

advances in the direction of the axis XI. As the screw 
21 advances in this manner, the material in the heating 
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barrel 20, metered in advance, is pushed out through 
the tip of the nozzle 22 by means of the screw 21, and 
fills a die (not shown) . 

As the motor 50 of the screw rotating mechanism 32 
5 is rotated, moreover, the screw drive shaft 35 is 

rotated with the aid of the power transmission 
mechanism 53 and the speed reducer 52. If the shaft 35 
rotates, the screw 21 rotates. 

More specifically, the second pulley 58 is rotated 
10 by means of the belt 59 if the first pulley 56 is 

rotated by means of the motor 50. Thus, the input and 
output shafts 57 and 60 of the speed reducer 52 rotate, 
so that the screw drive shaft 35 and the screw 21 
rotate . 

15 If the screw 21 is rotated, the material in the 

heating barrel 20 is fed to the distal end of the 
heating barrel 20 as it is kneaded, melted, and 
metered. After the material that is injected into the 
die is cooled, the die is opened, and the resulting 

20 molded product is thrust out by means of an ejector 

mechanism, whereupon one cycle of injection molding 
operation is finished. 

In the screw rotating mechanism 32 of this 
embodiment, the speed reducer 52 that is formed of the 

25 planetary gear mechanism 51 has its intrinsic primary 

reduction ratio £ i . On the other hand, the power 
transmission mechanism 53 has a secondary reduction 
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ratio £2 that corresponds to the difference in outside 
diameter between the first and second pulleys 56 and 
58. As the motor 50 rotates, therefore, the screw 
drive shaft 35 rotates at a speed corresponding to a 
5 composite reduction ratio {%i X £2)' the product of 

the primary and secondary reduction ratios f 1 and £2' 
and the screw 21 rotates at the same speed 
corresponding to ( £ \ x £ 2) * 

Thus, according to the embodiment described above, 

10 the obtained reduction ratio x §2) is higher than 

the individual reduction ratios £ 1 and £ 2 obtained 
when the speed reducer 52 and the power transmission 
mechanism 53 are used independently of each other, and 
the torque can be increased correspondingly. 

15 In this case, the diameter of the second pulley 58 

can be minimized when compared with the case of the 
conventional injection apparatus that is not provided 
with the speed reducer 52. If the diameter of the 
second pulley 58 can be reduced, the space between the 

20 pulley 58 and the guide bars 14 can be widened. 

If the reduction ratio must be increased, 
therefore, a reduction ratio £2' can be ma de higher 
than the reduction ratio £ 2 f or the case where the 
small pulley 58 is used by replacing the pulley 58 with 

25 a large-diameter pulley 58 f , as shown in FIG. 2. Thus, 

a composite reduction ratio (£1 x £2') compared with 
the reduction ratio of the speed reducer 52 increases, 
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so that the torque can be increased further. 

According to the injection apparatus 10 described 
above, the rotational frequency and torque of the screw 
21 can be set variously by replacing the speed reducer 
5 52* The reduction ratio ^ of the speed reducer 52 

can correspond to a wide range from a few tenths to a 
few hundreds. If a plurality of types of casings 70 of 
the same size are provided for the speed reducer 52 
without regard to the reduction ratio moreover, 

10 extensive operating conditions can be met without 

changing the motor 50 by only replacing the speed 
reducer 52. The change of the speed reducer 52 can be 
coped with by changing a parameter of a control device. 
In this injection apparatus 10, a satisfactory 

15 reduction ratio £ i can be obtained with use of the 

speed reducer 52. An extended space can be secured for 
the second pulley 58 to cope with an anticipated 
increment of the reduction ratio for metering. Thus, 
the reduction ratio £ 2 can ^ e easily increased by 

20 replacing the second pulley 58 with a larger one if it 

must be increased. If the reduction ratio £2 
increases, the reduction ratio of a metering mechanism 
as a whole also increases. 

Thereupon, the torque of the screw 21 can be 

25 increased to keep the tension of the belt 59 constant 

without enhancing the output of the motor 50. Thus, 
the quantity of dust that is produced as the belt 59 
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transmission mechanism 53 may, for example, be formed 
of a wrapping transmission mechanism that uses a chain 
and sprockets or a gear-type transmission mechanism 
based on a combination of gears, as well as the 
combination of the pulleys and the belt according to 
the embodiment described above* Further, a linear 
motor or hydraulic cylinder may be used as a drive 
source for pushing out the screw in the axial 
direction . 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



